Background: Bacterial cowshed isolates are allergy protective in mice; however, the underlying mechanisms are largely unknown. We examined the ability of Lactococcus lactis G121 to prevent allergic inflammatory reactions. Objective: We sought to identify the ligands and pattern recognition receptors through which L lactis G121 confers allergy protection. Methods: L lactis G121-induced cytokine release and surface expression of costimulatory molecules by untreated or inhibitortreated (bafilomycin and cytochalasin D) human monocytederived dendritic cells (moDCs), bone marrow-derived mouse dendritic cells (BMDCs), and moDC/naive CD4 1 T-cell cocultures were analyzed by using ELISA and flow cytometry. The pathology of ovalbumin-induced acute allergic airway inflammation after adoptive transfer of BMDCs was examined by means of microscopy. Results: L lactis G121-treated murine BMDCs and human moDCs released T H 1-polarizing cytokines and induced T H 1 T cells. Inhibiting phagocytosis and endosomal acidification in BMDCs or moDCs impaired the release of T H 1-polarizing cytokines, costimulatory molecule expression, and T-cell activation on L lactis G121 challenge. In vivo allergy protection mediated by L lactis G121 was dependent on endosomal acidification in dendritic cells (DCs). Toll-like receptor (Tlr) 13
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BMDCs showed a weak response to L lactis G121 and were unresponsive to its RNA. The T H 1-polarizing activity of L lactis G121-treated human DCs was blocked by TLR8-specific inhibitors, mediated by L lactis G121 RNA, and synergistically enhanced by activation of nucleotide-binding oligomerization domain-containing protein (NOD) 2. Conclusion: Bacterial RNA is the main driver of L lactis G121-mediated protection against experimentally induced allergy and requires both bacterial uptake by DCs and endosomal acidification. In mice L lactis G121 RNA signals through TLR13; however, the most likely intracellular receptor in human subjects is TLR8. (J Allergy Clin Immunol 2017;139:667-78.)
Key words: Allergy protection, dendritic cells, endosomal acidification, Lactococcus lactis G121, pattern recognition receptor, Toll-like receptor 13, Toll-like receptor 8, bacterial RNA Growing up in a traditional farming environment reduces the risk of having allergic diseases, such as asthma, later in life. 1, 2 Specifically, exposure to the immunostimulatory products of environmental microorganisms found on farms protects against asthma. 3, 4 Dendritic cells (DCs) transmit signals received from environmental pathogens to the adaptive immune system, thereby activating the immune responses that cause asthma. [5] [6] [7] [8] However, DCs can also prevent asthma, 9, 10 for example, through therapeutic induction of a T H 2-counterbalancing T H 1-mediated immune response or a suppressive regulatory T cell response.
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Polarization of T cells is driven by the cytokine milieu created by DCs. The key players in DC polarization are IL-12 (a T H 1-polarizing cytokine) 12 and the immune-suppressive cytokine IL-10. 13 Previously, we showed that intranasal inoculation of mice with the bacterial cowshed isolates Acinetobacter lwoffii F78, Lactococcus lactis G121, and Staphylococcus sciuri W620 prevented the development of asthma symptoms. [14] [15] [16] The gram-positive bacterium L lactis G121 and the gram-negative bacterium A lwoffii F78 strongly stimulate human DCs to initiate an allergy-protective T H 1-polarizing program that results in robust production of IL-12. 14 We identified A lwoffii F78-derived LPS as the main driver of IL-12 production, which occurs through activation of Toll-like receptor (TLR) 4. 17 However, the major allergy-protective pathogen-associated molecular pattern (PAMP) of L lactis G121 remains elusive. Here we show that L lactis G121-mediated activation of monocyte-derived dendritic cells (moDCs) is dependent on bacterial uptake and endosomal acidification. Also, adoptive transfer of L lactis G121-challenged bone marrow-derived mouse dendritic cells (BMDCs) protected mice from ovalbumin (OVA)-induced allergic inflammation through the establishment of a T H 1-polarizing cytokine milieu. This was reversed by inhibiting endosomal acidification in L lactis G121-stimulated BMDCs. Moreover, we also identified TLR13, which is expressed by most vertebrates (but not primates) [18] [19] [20] and the receptor for a specific bacterial 23S rRNA segment, as the main host sensor responsible for the allergy-protective effects of L lactis G121 in mice. Finally, we provide clear evidence that this response is induced in human subjects by bacterial RNA as well and mediated through TLR8.
METHODS Bacteria
L lactis G121 was grown for 5 hours at 378C in Tryptic Soy Broth liquid medium containing 0.3% yeast extract. The harvested bacteria were treated with PBS containing 1000 U/mL penicillin and 1 mg/mL streptomycin (PAA Laboratories, Pasching, Austria) for 30 minutes at 378C. The L lactis G121 used for animal experiments was grown in Tryptic Soy Broth medium for 12 hours at 308C. Bacteria were then lyophilized and resuspended in PBS before inoculation into animals.
Ethics statement
The study was approved by the Institutional Ethics Committee at the University of L€ ubeck (L€ ubeck, Germany; Az. 08-150) and conducted in accordance with the Declaration of Helsinki. All donors provided written informed consent. 
Abbreviations used

Generation and stimulation of human moDCs
PBMCs were isolated from healthy donors by using Ficoll (PAA Laboratories), as previously described. 21 Monocytes were isolated by means of counterflow elutriation centrifugation, 22 cultured at a density of 10 6 cells/mL in RPMI 1640 containing stable glutamine (PAA Laboratories), and supplemented with 10% heat-inactivated FCS (Biochrom AG, Berlin, Germany), 100 U/mL penicillin (PAA Laboratories), 100 mg/mL streptomycin (PAA Laboratories), 500 U/mL GM-CSF, and 500 U/mL IL-4 (both from ImmunoTools, Friesoythe, Germany). Half of the medium was exchanged (including cytokines) every other day. At day 7, cells were harvested and recultured in complete RPMI 1640 (density, 10 6 cells/mL Isolation of human and bacterial RNA L lactis G121 cells were lysed by using a FastPrep-24 instrument and Lysing Matrix B (both MP Biomedicals, Santa Ana, Calif), and total RNA was isolated with Trizol (Thermo Fisher Scientific). Total RNA was extracted from human Calu-3 cells (HTB-55; ATCC, Washington, DC) by using a NucleoSpin RNA Kit (Macherey-Nagel, D€ uren, Germany). After purification, RNA was treated with DNase I to remove contaminating DNA (Roche, Mannheim, Germany).
Isolation of autologous naive CD4
1 T cells, coculture with moDCs, and bacterial challenge Autologous lymphocytes were obtained by means of counterflow elutriation and naive CD4 1 T cells purified by using negative MACS selection with the Na€ ıve CD4
Gladbach, Germany; >90% purity). LPS-or L lactis G121-treated moDCs were washed and cultured with naive CD4 1 T cells at a ratio of 1:10. After 5 days, cocultures were restimulated for 5 hours with 50 ng/mL phorbol 12-myristate 13-acetate (Merck Millipore) and 2 mg/mL ionomycin (Thermo Fisher Scientific).
Animals
Female BALB/c mice, C57BL/6 wild-type (WT) mice (6-8 weeks old; Charles River, Sulzfeld, Germany), and C57BL/6 Tlr13 2/220 mice were housed under pathogen-free conditions. Water and an OVA-free diet were supplied ad libitum. All animal experiments were performed in accordance with German and international guidelines and approved by local authorities (Landesamt f€ ur Natur, Umwelt und Verbraucherschutz, Nordrhein-Westfalen, Germany).
Generation and stimulation of BMDCs
For the transfer model, bone marrow was isolated from WT BALB/c mice, and BMDCs were generated by means of culture with 20 ng/mL recombinant murine GM-CSF (ImmunoTools, Friesoythe, Germany) for 6 days, with one exchange of medium (RPMI 1640, 5% FCS, 2 mmol/L L-glutamine, 100 U/mL penicillin, 100 mg/mL streptomycin) after 3 days. Cells were then preincubated with 10 nmol/L Baf A1 for 1 hour and then stimulated with 10 8 cfu/mL L lactis G121 for 24 hours. On day 9, cells were pulsed for 24 hours with 100 mg/mL endotoxin-free OVA (Hyglos, Bernried, Germany) and 1 ng/mL LPS derived from S enterica sv. Friedenau. For in vitro experiments, bone marrow from C57BL/6 WT or Tlr13 2/2 mice was cultured for 5 days with 20 ng/mL recombinant murine GM-CSF (ImmunoTools), followed by an additional 3 days with 10 ng/mL recombinant murine GM-CSF. Subsequently, cells were stimulated for 24 hours with L lactis G121 and LPS or transfected with 100 pmol Sa19 (InvivoGen) or 0.25 and 0.5 mg of L lactis G121 RNA per 200 mL by using DOTAP.
Sensitization of mice with OVA-pulsed BMDCs and aerosol challenge
Mice were sensitized by means of intranasal administration of 10 6 OVA-pulsed BMDCs in 50 mL of PBS. Sham-treated groups received PBS-pulsed BMDCs only. On days 13, 14, and 15, all animals were exposed to aerosolized OVA (Grade V; Sigma, Steinheim, Germany) for 20 minutes.
Bronchoalveolar lavage and differential cell counts
Two days after the final OVA challenge, lungs were lavaged with 1 mL of PBS through the trachea, and leukocytes in lavage fluid were counted. Cytospin preparations were prepared for differential cell count analysis and stained by using a fast-staining procedure (HAEME-Schnellf€ arbung; Labor1Technik Eberhard Lehmann, Berlin, Germany). Macrophages, lymphocytes, eosinophils, and neutrophils were identified according to standard morphologic criteria.
Lung histology
Lungs were fixed with 4% paraformaldehyde (PFA; injected through the trachea), removed, and stored in 4% PFA. Lung tissues were embedded in paraffin, and sections (3 mm thick) were stained with hematoxylin and eosin or periodic acid-Schiff. Goblet cell hyperplasia was expressed as the number of goblet cells per millimeter of basement membrane.
Measurement of cytokine levels
Cytokine levels in supernatants from murine BMDCs were measured by using IL-10 (BD Biosciences, San Jose, Calif), TNF-a (Thermo Fisher Scientific), and IL-12p70 (R&D Systems, Minneapolis, Minn) ELISAs. Concentrations of human CXCL8, IL-6, IL-10, TNF-a, IFN-g, IL-4, and IL-5 (Thermo Fisher Scientific), as well as IL-12p70 and IL-23 (R&D Systems), in the supernatants of moDCs and moDC/T-cell cocultures were measured by using commercial ELISA kits.
Flow cytometric analysis
Stimulated moDCs were harvested; stained with antibodies specific for the costimulatory molecules CD40, CD80, and CD86 (BD Biosciences) or with appropriate isotype controls; and fixed with 1.5% PFA. Flow cytometry was performed in an LSRII cytometer (BD Biosciences), and data were analyzed with FlowJo V 7.6.1 software (TreeStar, Ashland, Ore).
Statistical analysis
All numeric data are expressed as means 1 SEMs, unless stated otherwise. Human data were analyzed for significance by using 2-way ANOVA and either the Tukey or Bonferroni post hoc test. Mouse data were analyzed by using 1-way ANOVA and the Tukey post hoc test. P values of less than .05 were considered statistically significant. All calculations were performed with GraphPad Prism software (GraphPad Software, La Jolla, Calif).
RESULTS
L lactis G121 induces moDCs to produce proinflammatory and T cell-polarizing cytokines
MoDCs were challenged with L lactis G121 preparations, and cytokine production was measured (Fig 1, A) . Marked induction of proinflammatory mediators, such as CXCL8, IL-6, and TNF-a, as well as IL-23 and IL-10, was observed. In accordance with the findings of previous experiments, 14 L lactis G121 also induced strong production of IL-12p70.
L lactis G121-stimulated moDCs induce T cells to produce IFN-g and IL-10 on coculture
To investigate the capacity of L lactis G121-stimulated moDCs to polarize T cells, we cocultured them with autologous naive CD4 1 T cells. L lactis G121-challenged moDCs stimulated T cells to produce IL-10 and large amounts of IFN-g (Fig 1, B , and see Figs E1 and E2 in this article's Online Repository at www.jacionline.org). Neither of these cytokines was detected in cultures of moDCs alone (data not shown). IL-4 and IL-5 release in cocultures was low. Furthermore, we observed predominant occurrence of T-box transcription factor (T-bet)
1 and comparatively low numbers of GATA3 Phagocytosis of L lactis G121 by moDCs is required to induce cytokine production Activation of T cells by bacterial antigens requires their presentation by antigen-presenting cells, such as DCs. Therefore we next examined whether uptake of L lactis G121 is pivotal for cytokine production by moDCs. The phagocytosis inhibitor cytochalasin D (which disrupts actin skeleton formation 23 ) inhibited L lactis G121 uptake by moDCs (Fig 2, A) and strongly impaired the release of IL-12p70, IL-23, and IL-10 by L lactis G121-challenged cells (Fig 2, B) . No cytokine reduction occurred when cells were treated with LPS in the presence of cytochalasin D, with the exception of TNF-a, an effect that has been reported before. 24 Cytokine release and expression of T-cell costimulatory molecules by moDCs requires endosomal acidification Activation of endosomal TLRs, such as TLR3, TLR7, TLR8, TLR9, and TLR13, depends on acidification of the endosomal compartments. 25 Therefore we next used Baf A1 to examine whether endosomal pattern recognition receptors (PRRs) mediate activation of moDCs by L lactis G121. Baf A1 blocks V-ATPases and disables endosomal acidification. LysoTracker staining confirmed that uptake of L lactis G121 by DCs led to acidification of bacteria containing endosomes, which was abrogated by Baf A1 treatment (Fig 3, A) .
Next, we examined the effect of Baf A1 treatment on cytokine induction by moDCs. Cells treated with an endosome acidification-independent stimulus (LPS) were used as a negative control, whereas cells exposed to the TLR7/8 ligand CL097 (recognition of which is acidification dependent) were used as a positive control (Fig 3, B) . Baf A1 treatment resulted in a marked reduction in cytokine release on L lactis G121 challenge. These results clearly emphasized the requirement for endosomal acidification for L lactis G121-mediated induction of T cellpolarizing cytokines by moDCs.
DC-mediated activation of T cells not only requires T-cell receptor binding of antigen-loaded MHC molecules on the surfaces of antigen-presenting cells but also costimulation. Thus we examined the expression of costimulatory receptors on the surfaces of moDCs by using flow cytometry. We found that CD40, CD80, and CD86 expression was induced on moDCs after L lactis G121 challenge (Fig 4, A) . This induction was significantly inhibited by Baf A1; however, expression was not inhibited when cells were exposed to LPS rather than L lactis G121.
DC endosomal acidification is required for IFN-g and IL-10 production by T cells in coculture
Baf A1-treated and control moDCs were stimulated with L lactis G121, CL097, and LPS and then incubated with naive CD4
1 T cells to investigate the effect of inhibitor treatment on the induction of IFN-g and IL-10 by moDCs on coculture. As already shown in Fig 1, B , both L lactis G121-and LPS-activated moDCs induced IL-10 and IFN-g production by T cells, as well as CL097 (Fig 4, B) . However, pretreatment of moDCs with Baf A1 resulted in a strong reduction in levels of both cytokines only when moDCs were stimulated with L lactis G121 or CL097, but not with LPS, again emphasizing the importance of intracellular acidification for L lactis G121-mediated DC activation and T-cell polarization.
Endosomal acidification in DCs is essential for L lactis G121-mediated prevention of OVA-induced allergic airway inflammation
To examine whether endosomal processing of L lactis G121 is essential for allergy prevention in vivo, we induced allergic airway inflammation in naive mice by means of intranasal transfer of OVA-pulsed BMDCs. Before transfer, BMDCs were incubated (or not) with Baf A1 and then either treated with L lactis G121 or sham treated with PBS. Concentrations of IL-10 and IL-12p70 in the BMDCs supernatants were then measured. The results revealed that L lactis G121 induced strong production of both of these cytokines (Fig 5, A) . In addition, the production of IL-10 and IL-12p70 was clearly reduced when BMDCs were pretreated with Baf A1; however, the inhibitor had no effect in the absence of the bacterium. These data corroborate the results obtained with human moDCs (Fig 3, B) . Transfer of sham-treated OVA-pulsed BMDCs resulted in clear induction of allergic airway inflammation associated with an influx of eosinophils and lymphocytes into the lungs (Fig 5, B) . Histologic analysis of airway and lung tissues revealed significant infiltration by eosinophils and mononuclear cells and increased mucus production by goblet cells (Fig 5, C) . By contrast, transfer of L lactis G121-treated BMDCs inhibited the development of the allergic phenotype, as reflected by a significant reduction in the number of cells in the bronchoalveolar lavage fluid compared with those in the sham-treated OVA control group. This reduction was mainly due to a decrease in the number of eosinophils and lymphocytes (Fig 5, B, middle and right panels) . Histologic analysis of lung tissue revealed an almost complete absence of 5) . B, Cytokine release of moDC/T-cell cocultures. Statistical analysis was performed by using 2-way ANOVA and the Bonferroni post hoc test. *P < .05, **P < .005, ***P < .001, and ****P < .0001. ns, Not significant. peribronchial and perivascular airway inflammation and mucus production (Fig 5, C and D) . However, pretreatment of BMDCs with both Baf A1 and L lactis G121 before transfer almost completely abolished their allergy-preventive effect, as evidenced by a significant increase in the number of leukocytes invading the airway lumen (mainly lymphocytes and eosinophils; Fig 5, B, middle and right panels). Histologic analysis also revealed marked accumulation of inflammatory cells and goblet cell hyperplasia, which were comparable with those in the sham-treated OVA control group (Fig 5, C and D) . Importantly, the results for the Baf A1 control group were not different from those for the sham-treated OVA control group (Fig 5, B-D) , ruling out the 5 2) . B, Cytokine release of cytochalasin D-pretreated and stimulated moDCs (n 5 5). Statistical analysis was performed by using 2-way ANOVA and the Tukey post hoc test. ****P < .0001. ns, Not significant.
possibility that the immunomodulatory effects were mediated by the inhibitor.
Recognition of L lactis G121 in mice and human subjects
Immune recognition of L lactis G121 by murine cells was dependent on myeloid differentiation response gene 88 but not on TLR2, TLR3, TLR4, TLR7, TLR8, or TLR9 (data not shown), suggesting that TLR13 (known to be activated by 23S bacterial rRNA), 18 was the primary candidate molecule. Therefore we next generated BMDCs from WT and Tlr13 2/2 mice, which we then challenged with different amounts of L lactis G121 bacteria, as well as isolated total RNA. IL-12 release by BMDCs on L lactis G121 challenge was largely dependent on TLR13 (Fig 6, A, at a bacterial concentration of 10 6 colony-forming units (cfu)/mL and was markedly reduced (although still detectable) on application of larger amounts (10 7 cfu/mL) compared with WT control mice. The response of BMDCs toward L lactis RNA and the 23S rRNA-derived oligoribonucleotide Sa19 was completely dependent on TLR13 expression (Fig 6, A) . Because human subjects do not express TLR13, 26 we reasoned that another TLR might fulfill the same function. Recently, a number of reports identified human TLR8 as a receptor for bacterial RNA [27] [28] [29] [30] ; thus we first examined whether L lactis G121 and TLR8 colocalized in moDCs on bacterial uptake (Fig 6, B) . TLR8 was highly expressed in endosomal compartments, which were also positive for L lactis G121 DNA and LysoTracker staining, indicating the presence of acidified endosomes. Although colocalization of L lactis and TLR8 is a prerequisite for recognition and intracellular signaling, it does not provide definitive proof. Hence we next used the TLR8-specific immunoregulatory DNA sequence, IRS 957, 31 to block TLR8 signaling. Treatment with IRS 957 led to a dose-dependent reduction in L lactis G121-and R848-induced cytokine release but did not affect LPS-dependent signaling (Fig 6, C) .
Finally, we wanted to verify that L lactis G121 RNA acts as a cytokine-inducing PAMP in human DCs. Thus we isolated bacterial RNA and used it to stimulate moDCs in the presence of DOTAP to ensure endosomal delivery. 32, 33 In addition, we used MDP (a NOD2 agonist) to investigate possible synergistic effects because we previously reported NOD2-dependent activity in L lactis G121 preparations. 14 L lactis G121 RNA clearly activated moDCs to produce IL-12p70, TNF-a (Fig 6, D) , and IL-6 (data not shown). This activity was completely abrogated by RNase treatment and synergistically enhanced on NOD2 activation; human RNA induced no activity under these conditions.
DISCUSSION
We previously showed that L lactis G121 induces production of IL-12, a major T H 1-polarizing cytokine, by human DCs.
14 The present study adds to these findings by showing that L lactis G121-treated moDCs induced T H 1 polarization of naive T cells, as demonstrated by the predominant appearance of T-bet 1 CD4 1 T cells and release of high doses of IFN-g. Furthermore, the anti-inflammatory cytokine IL-10 was released by CD4
1 T cells on coculture with DCs, and a low frequency of Foxp3 1 cells was observed, which might serve to limit T H 1-derived inflammation. 34 We also showed that both phagocytosis of L lactis G121 and endosomal acidification are essential for activation of moDCs and the subsequent induction of T H 1 cells. As previously shown for Staphylococcus aureus, 35 lack of cell activation after . Statistical analysis was performed by using 2-way ANOVA and the Tukey post hoc test. ***P < .001 and ****P < .0001. ns, Not significant. Statistical analysis was performed by using 1-way ANOVA and the Tukey post hoc test. *P < .05, **P < .005, ***P < .001, and ****P < .0001. ns, Not significant. inhibition of uptake by moDCs is due to the prevention of PAMPs accessing intracellular PRRs. The data presented herein suggest that activation of moDCs by L lactis G121 is mediated by both intracellular and acidification-dependent sensing mechanisms. Similar observations were made for Borrelia burgdorferi, in which TLR8 was implicated as a cellular sensor. 31 In a previous study we implied that TLR2 and NOD2 act as L lactis G121 sensors.
14 However, TLR2 is activated only when L lactis G121 is present in very high amounts (>10 7 cfu/mL, data not shown), suggesting that it plays a rather minor role in allergy-protective host cell activation by TLR2. Activation of NOD2 by its ligand, MDP, depends on vacuolar acidification, presumably because it enables leakage or active transport of MDP into the cytosol. 36 However, we observed no secretion of IL-12p70 after challenge of human moDCs with MDP alone; thus we concluded that at least 1 additional endosomal PRR is required for L lactis G121-mediated moDC activation and T H 1 polarization.
The finding that endosomal acidification in L lactis G121-stimulated moDCs was important for induction of a T H 1 immune response was underlined by coculture of moDCs with naive CD4 1 T cells. Both IFN-g and IL-10 production by T cells was reduced by Baf A1, indicating general impairment of the ability of L lactis G121-challenged moDCs to activate T cells. On the one hand, this process is likely due to the strongly impaired secretion of T cell-polarizing cytokines (eg, IL-12 and IL-10) by Baf A1-treated and L lactis G121-challenged moDCs because both of these cytokines play dominant roles in inducing T cells to produce IFN-g and IL-10. 37, 38 On the other hand, it might be due to impaired expression of T-cell costimulatory molecules on the surfaces of DCs. Nonbinding of these receptors to their cognate ligands on T cells results in decreased T-cell activation. 39, 40 We also examined an animal model of allergic airway inflammation generated by adoptive transfer of in vitro-derived and OVA-pulsed murine BMDCs into naive recipient mice. The results showed that the allergy-preventing effects mediated by L lactis G121 were conveyed exclusively by DCs. When BMDCs were treated with L lactis G121 before adoptive transfer, they protected mice from OVA-induced allergic airway inflammation. The capacity of DCs to convey protection against allergies has been reported previously. 41, 42 According to the in vitro results presented herein, L lactis G121 might induce a T H 2-counterbalancing T H 1 immune response, thereby preventing an allergic reaction.
We also showed that Baf A1 inhibited cytokine release by BMDCs stimulated in vitro with L lactis G121, a result comparable with that observed in moDCs. When L lactis G121-conditioned BMDCs were transferred to recipient mice, they impaired the pathogenesis of asthmatic inflammation; however, this was not the case if the L lactis G121-treated group was pretreated with Baf A1. Nonetheless, the number of eosinophils was not completely restored to levels observed in OVA-sensitized control mice, suggesting that a significant proportion of eosinophilic infiltrate occurs independently of endosome acidification. However, the allergy-preventive effect of L lactis G121 was almost completely abrogated by inhibition of endosomal acidification in BMDCs.
Finally, we identified the major ligand and receptors through which L lactis G121 conveys its allergy-protective effects: in mice induction of IL-12 and TNF-a largely depends on TLR13, the recently identified receptor for 23S rRNA. 18 However, TLR13 is not expressed in human subjects, raising the question of whether another nucleic acid-sensing TLR recognizes L lactis G121 RNA. Human TLR8, which was first described as a receptor for viral single-strand RNA, 43, 44 is implicated in bacterial RNA recognition. [28] [29] [30] 45 Here we clearly show that L lactis G121 and TLR8 colocalize in human DCs, that inhibiting TLR8 signaling strongly reduces cytokine production, and that RNA isolated from L lactis G121 induces both IL-12 and TNF-a. Furthermore, we demonstrated that activation by L lactis G121 RNA can be substantially increased by NOD2 activation, a synergistic response of TLR8 and NOD2 that has also been shown elsewhere. 46, 47 Therefore the apparent difference in the amount of IL-12 induced by whole bacteria versus RNA might be explained by the fact that the degree of activation after the uptake and processing of whole bacteria is much stronger because of synergistic activation processes.
In conclusion, the data presented herein demonstrate that the allergy-protective effects of L lactis G121 are dependent on the T H 1-polarizing activity of DCs, which requires uptake of the bacterium and subsequent endosomal acidification, thereby enabling recognition of bacterial RNA through TLR13 in mice and TLR8 in human subjects.
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Key messages
d L lactis G121 recognition by human and murine DCs is preceded by bacterial uptake and endosomal acidification, thereby protecting mice from allergy-induced inflammation.
d TLR13 and TLR8 (expressed by murine and human DCs, respectively) mediate L lactis G121 RNA-induced cell activation. 
